The effect of shift work on nurses' sleep is well-studied, but there are other challenging aspects of health care work that might also affect the sleep of direct caregivers. This study examined the influence of the long-term care work environment on sleep quantity and quality of nursing assistants. A cross-sectional survey collected data from 650 nursing assistants in 15 long-term care facilities; 46% reported short sleep duration and 23% reported poor sleep quality. A simple additive index of the number of beneficial work features (up to 7) was constructed for analysis with Poisson regression. With each unit increase of beneficial work features, nursing assistants were 7% less likely to report short sleep duration and 17% less likely to report poor sleep quality. These results suggest that effective workplace interventions should address a variety of work stressors, not only work schedule arrangements, in order to improve nursing assistants' sleep health. the clock; as a result, they are at risk for decreased sleep quantity and quality, continuous sleep deprivation, and cumulative sleep debt. 3, 7 Shift work, long work hours, and associated sleep problems and fatigue may influence the health and safety of both workers and patients. 7, 8 Fatigue resulting from shift work and poor sleep tends to reduce an employee's ability to concentrate and decrease the quality of decision-making, 9 increasing the possibility of errors and injuries. Rogers et al. (2004) 10 reported that the likelihood of hospital nurses making an error was two to three times higher when they worked longer shifts. Sleep deprivation, sleepiness, and fatigue were consistently associated with nurse performance and patient safety. [11] [12] [13] Wagstaff and Lie (2011) 14 estimated from 14 high-quality epidemiology studies that accident rates increased 50%-100% for employees working long or irregular shifts.
Introduction
According to the National Health Interview Survey of 2004-2007, 30% of U.S. workers (approximately 40.6 million) experienced long-term sleep deprivation with average sleep duration of six or less hours per day. 1 Short-term sleep deprivation can negatively affect an individual's alertness, mood, attention, and ability to concentrate, 2 while long-term sleep deprivation is associated with chronic fatigue, 3 cardiovascular diseases, 4 obesity and diabetes, 5 and all-cause mortality. 6 Health care workers provide continuous services around
Material and methods

Setting and subjects
As part of a larger research study of clinical caregivers, information was collected on nursing assistants' work and health in a large chain of LTC facilities in the eastern United States. All centers were non-unionized skilled nursing facilities owned or managed by a single for-profit company. This study used cross-sectional survey data collected from a sample of 744 nursing assistants working in 15 LTC facilities located in Maryland and New England between January, 2008 and October, 2009. A non-probability convenience sampling method was used to recruit study participants. All full-time, part-time, and per-diem nursing assistants over 18 years old and hired directly by the company were eligible to participate.
Questionnaires were distributed and collected at the LTC facilities by the research team over a two to four day period to accommodate nursing assistants from different shifts and units. The research team members explained the study purpose and procedure, and potential benefits and risks to participants in person and requested them to sign the informed consent form. Participants were reassured that the employer would not receive any identifying information obtained, and they were given the option to take home the questionnaires to complete in private. Most participants completed questionnaires during break times and returned them in person. For others, such as third-shift and weekend workers, a pre-stamped and addressed-return envelope was provided. Compensation of $20 was offered in exchange for each completed questionnaire returned with a consent form. The study was approved by the University of Massachusetts Lowell Institutional Review Board (No. 06-1403).
Measurement of variables
Socio-demographics, lifestyle, and health-The questionnaire collected detailed information on nursing assistants' socio-demographics, including age, gender, race, education, marital status, and responsibility for children and other dependents.
Information on smoking, sedentary behavior, obesity, chronic health conditions, and musculoskeletal disorders (MSDs) was collected. Sedentary behavior was defined as "exercise less than three times per week (for at least 20-min per session to work up a sweat)." BMI was calculated from self-reported weight and height, expressed as weight/ height 2 . History of several chronic health conditions was assessed: diabetes, hypertension, elevated cholesterol level, and low back diseases or spine problems. Chronic health conditions were defined as "yes" for participants who reported any one of the above conditions. MSD symptoms were assessed for four body regions: low back, shoulder, wrist/ forearm, and knee. MSD symptoms were defined as "yes" for participants who reported pain with severity ≥3 (scale 1-5) in any region. point Likert scale (strongly disagree; disagree; agree; and strongly agree) was used for each item.
The psychological demands (4 items), decision latitude (7 items), and social support (4 items) subscales were selected from the Job Content Questionnaire (JCQ). 37 The JCQ is a well-established instrument to measure different aspects of work characteristics, including subscales of physical demands (original 5 items), psychological demands (original 9 items), decision latitude (original 19 items), social support (original 11 items), and job insecurity (original 6 items). 37 The JCQ subscales have demonstrated good validity and acceptable internal consistency in large study populations from six countries. 37 Schedule control was measured with two items derived from Büssing (1996) . 38 Work-family conflict was measured with three items derived from Kopelman, Greenhaus, and Connolly (1983) . 39 Work Interference with Family Scale, which has demonstrated good reliability and validity in different populations. 39 Physical demands subscale included 4 items from the JCQ and one item written by the research team. Physical safety was measured with two items from Griffin and Neal (2000) , 40 along with two items developed by the investigators. Violence at work was measured with one item: "In the past 3 months, have you been hit, kicked, grabbed, shoved, pushed or scratched by a patient, patient's visitor or family member while you were at work?" The questionnaire also collected information about work shift schedule (day, evening, night, or rotating), shift length, work hours/two weeks, and working other paid jobs (yes or no).
Instrument internal consistency was assessed in these study participants with Cronbach's alpha (α). Four subscales: physical demands (α = 0.82), social support (α = 0.77), schedule control α = 0.74) and work-family conflict (α = 0.78), had acceptable reliability (α ≥ 0.7); and three subscales: physical safety (α = 0.45), psychological demands (α = 0.47), and decision latitude (α = 0.61), had lower values (α < 0.7). Previous studies with hospital nurses 41, 42 have also shown lower reliability of psychological demands and decision latitude subscales; this may be due in part to the fact that the demands scale also reflects physical workload for some workers, 43, 44 and similarly that decision latitude scale has two dimensions, skill discretion and decision authority.
Based on bivariate correlations, schedule control was not associated with either sleep quantity or quality, so was excluded from further analysis. The work characteristics (physical demands, physical safety, violence at work, psychological demands, decision latitude, social support, and work-family conflict) were moderately to strongly correlated with each other and significantly associated with sleep quantity, quality, or both. To avoid co-linearity, we constructed an index of those variables associated with sleep quantity and/or quality. 34, 45 Each one was dichotomized as "low" (0) or "high" (1) at its median value. For example, social support was dichotomized at its median value of 11 into low (4-11) and high support (12) (13) (14) (15) (16) . The sum of those dichotomous indicators became the index of beneficial work features, i.e.: low physical demands, high physical safety, low violence at work, low psychological demands, high decision latitude, high social support, and low work-family conflict. The working condition index ranged from 0 to 7 (higher score representing better working conditions). The working condition index, or variations on it, has demonstrated strong associations with intention to leave work as well as with health behaviors in this workforce. 34, 45 Sleep quantity and quality-Both sleep quantity and quality were assessed from participants' subjective reports. The measure of sleep quantity indicated participants' typical amount of sleep per 24-h period during the work week (6 h or less; 7-8 h; 8-9 h; 9-10 h; and 10 h or more). For these analyses, sleep duration was dichotomized as >6 h per day, versus ≤6 h per day ("short sleep duration"). 1, 46 The participants' subjective quality of sleep on a typical night was measured in five categories (good; fairly good; fairly poor; poor; can't say). This item was modified from the sleep quality question from the Pittsburgh Sleep Quality Index (PSQI). 47 Sleep quality was dichotomized as good (good; fairly good), versus poor (poor; fairly poor). 48
Data analysis
Poisson regression with robust variance estimation was used to calculate prevalence ratios and 95% confidence intervals (CI). 49 Two multivariable regression models were built; one for short sleep duration and one for poor sleep quality. We began with a block of known risk factors for sleep problems: age, gender, race, marital status, education, having children, elderly or disabled dependents, smoking, sedentary behavior, BMI, chronic health conditions, MSDs, and shift work, shift length, weekly work hours, and other paid jobs. Those variables whose coefficients had p values ≤0.10 for either outcome were retained in both of the first models, to facilitate comparison between outcomes. The index of favorable work environment conditions was added for the second models. All analyses were done using SPSS software release 20.0.0 on a Windows 7 operating system.
Results
Descriptive analyses
A total of 744 nursing assistants from the 15 LTC facilities (73% of eligible employees) completed questionnaires. Respondents with missing data on both sleep quantity and quality were excluded from analysis (n = 94). The excluded workers were less likely to be current smokers or to have chronic health conditions and were more likely to be in the "other" racial group and to work a second paid job. They reported lower physical demands and schedule control, and higher physical safety and social support, than those remained in this analysis ( Table 1) .
Among the participants, 46% reported short sleep duration (≤6 h/day) and 23% reported poor sleep quality. About half (51%) rated in the upper half ("4" to "7") of the working condition index. Only 6% of participants reported no beneficial features. The prevalence of short sleep duration among nursing assistants decreased with the number of beneficial work features ( Fig. 1) , as did the prevalence of poor sleep quality (Fig. 2) .
Multivariable analyses
In the modified Poisson regression modeling, the index of beneficial work features retained a protective effect for both short sleep duration and poor sleep quality after adjustment for other known risk factors (Table 2) . With each unit increase in beneficial work features, the prevalence of short sleep duration was reduced by 7%, and the prevalence of poor sleep quality by 17%. Night shift work, working other paid jobs, and having elderly or disabled dependents significantly contributed to short sleep duration. Nursing assistants suffering MSDs reported more poor sleep quality than those without. Deleting known risk factors with p values between 0.05 and 0.10 had little effect on the estimated effect of the working condition index in either of the second models.
Discussion
In this large study of LTC nursing assistants, almost half of the respondents (46%) reported short sleep duration (≤6 h/day). This is a higher prevalence than in all U.S. workers (30%) in the National Health Interview Survey 1 and in U.S. nurses in the National Nurses' Health Study (30%). 50 In addition, over 20% of LTC nursing assistants reported poor sleep quality, which is similar to previously reported data on nursing home caregivers. 17 These results are of concern because poor or deprived sleep among nursing staff could represent a threat to resident safety and quality of resident care, as well as to worker health and safety. 8, [11] [12] [13] We examined seven specific work features in the LTC environment (employee perceived low physical and psychological demands, feeling safe in general and from violence at work, decision-making opportunities, support from coworkers and supervisors, and balance between work and family life) which have already been shown to affect mental health and intention to leave the job. 34 The combination of these selected job features, each framed in beneficial terms, had an important association with sleep outcomes. After adjustment for other known risk factors of sleep, with each increase in the number of these job features, nursing assistants were 7% less likely to experience short sleep duration and 17% less likely to experience poor sleep quality. These results are consistent with prior reports of associations between job stress and sleep quality in different occupations. 29, 30, 51 These work features may affect nursing assistants' sleep quality directly and affect sleep quantity indirectly through the effect on sleep quality. Many of these work features are amenable to change in the LTC work environment. Increasing worker decision-making, improving labor-management interaction, reducing violence or unsafe environment, and promoting better balance of work and family life might help promote the sleep quantity and quality of these workers. Possible strategies to improve working conditions in LTC environment include: Give more opportunities for front-line workers to get involved in making decisions about resident care and center changes; establish an employee-recognition program; acknowledge staff publicly or privately for working extra time or on holidays; promote a safer work environment (e.g., through saferesident handling equipment and policies); implement violence prevention programs; and genuinely listen to the experiences and opinions of employees when difficulties arise from their work or family life. For example, increased control over work assignments and supervisors' supportive behaviors played important roles in buffering the effect of workfamily conflict on employees' health and well-being. 52, 53 As expected, in our study night shift work was also associated with short sleep duration. Night work requires sleep during the biological day; the resulting misalignments between internal circadian time and work-rest schedules often lead to reduced sleep hours. 1, 54 Family and other responsibilities may interfere with daytime sleep, especially in a group of predominantly female workers, which might plausibly explain our findings that many nursing assistants with elderly or disabled dependents had short sleep duration.
We also found that poor sleep quality was more prevalent among nursing assistants suffering MSDs, which may be a bidirectional relationship. 55 Nursing assistants in LTC are prone to experiencing MSDs due to resident lifting, repositioning, and transferring, 56 as well as other work stressors. 33 Compromised sleep quality is a known consequence of chronic pain, 57 and individuals with poor sleep quality usually perceive pain to be more intense. 58 Further, individuals with MSDs that interfere with sleep often have worse MSD outcomes. 28
Strengths and limitations
This study has several limitations. The generalizability of the results may be limited because these 15 LTC facilities were all operated by a single for-profit corporation and none were unionized. A follow-up study using a more nationally representative random sample would improve the generalizability of the findings. There might be selection bias due to the difference of work characteristics between the participants included and excluded from final analyses; however, exclusions were made blinded to exposure levels and the excluded cases only represented a small number of participants (12%). The cross-sectional design does not allow us to draw causal relationships; future analyses of longitudinal data will be needed to verify the study findings. The strengths of this study include the large number of nursing assistants from multiple workplaces, the good response rate, the comprehensive range of work environment features assessed, and the consideration of potential confounders in data analyses.
Conclusions
This quantitative cross-sectional study found that nursing assistants' sleep quantity and quality were closely associated with the LTC work environment. Specifically, workers with more beneficial work features had longer sleep duration and better sleep quality. Considering the potential impact of nursing assistants' sleep on resident safety and quality of care, as well as on their own health, this finding deserves attention from LTC managers and policy-makers.
Traditional health promotion practice focused on individual behavior changes, but newer interventions address work environment influences on health behaviors (e.g., see Refs. 59, 60 ). As Punnett et al. (2009) 61 suggested, in addition to addressing individual behaviors, workplace health promotion programs must address work organization features to be effective. Workplaces that seek to be health-promoting should build better interpersonal relationships, involve front-line workers in decision-making, take measures to reduce violence and unsafe environment, and support a better balance of work and family life. Table 2 Poisson regression models predicting short sleep duration and poor sleep quality among nursing assistants. 
